Aims/hypothesis. We compared the association between smoking habits and later occurrence of type 2 diabetes on the one hand and between smoking and diabetes with autoimmunity on the other hand. Methods. We used data from a prospective study of 11-year cumulative incidence of diabetes in the NordTrøndelag Health Survey. Results. Confirming previous reports, heavy smoking (≥20 cigarettes per day) carried an increased relative risk (RR) of type 2 diabetes (n=738, RR=1.64, 95% CI: 1.12-2.39). In contrast, smoking reduced the risk of latent autoimmune diabetes in adults (LADA) and of traditional type 1 diabetes (LADA n= 81, RR=0.25, 95% CI: 0.11-0.60; type 1 diabetes, n=18, RR=0.17, 95% CI: 0.04-0.73). Conclusions/interpretations. The results indicate that nicotine influences autoimmune processes in human diabetes.
Introduction
Several epidemiological studies indicate that smoking is a risk factor for type 2 diabetes (reviewed in [1] ). To our knowledge, however, it has not been investigated whether smoking affects the risk of latent autoimmune diabetes in adults (LADA) and of traditional type 1 diabetes in a manner similar to the way it affects type 2 diabetes.
From both of these investigations data are available for a cohort of 38,805 men and women, who were free of diabetes at baseline (i.e. at the time of the first health survey between 1984 and 1986) and for whom baseline information on smoking, age, BMI and leisure-time physical activity is available.
The regional Ethical Committee approved these studies and all participants gave informed consent.
Identification and classification of diabetes.
During the followup investigation between 1995 and 1997, the questionnaire identified 1130 new cases of diabetes. These subjects were given an appointment to have their fasting blood glucose measured together with levels of C-peptide and anti-GAD. Altogether 858 (76%) patients completed this investigation. Information on treatment and complications was also collected and the diagnosis of diabetes verified by fasting blood glucose levels (≥6.1 mmol/l) and/or the subjects' medical history and treatment.
Patients starting insulin treatment within 6 months of diagnosis were classified as having type 1 diabetes, if, in addition, they were anti-GAD positive as defined below or had fasting C-peptide levels lower than 150 pmol/l (n=18). Patients were classified as having LADA if they were anti-GAD positive and had not been treated with insulin within 12 months of diagnosis (n=81). Type 2 diabetes was defined as anti-GAD negative and no insulin treatment within 1 year of diagnosis (n=738). In addition we classified three cases as gestational diabetes, three cases as maturity-onset diabetes of the young (MODY) and 14 cases as unclassifiable. One case was classified as having normal glucose tolerance.
Biochemical analysis. Anti-GAD and fasting C-peptide were analysed at the Hormone Laboratory of Aker University Hospital, Oslo. Anti-GAD was analysed by an immunoprecipitation radioligand assay based on a previously validated method [4] . Translation-labelled H3-GAD was used as tracer. Free and antibody-bound GAD were separated by protein-A coupled to Sepharose. The level of GAD antibodies was expressed as an index value relative to a standard serum. From the start of the assay in 1995 an index greater than 0.08 was considered as positive. The assay was tested for proficiency in a current diabetes autoantibody standardisation programme. The analyses were blinded, with 100 samples from control subjects and 50 samples from type 1 diabetic subjects being analysed. At the cut-off level of more than 0.08, sensitivity was 0.64 and specificity 1.00. Analysis of C-peptide was by RIA (Diagnostic System Laboratories, Webster, Tex., USA).
Statistical analysis.
We calculated odds ratios together with 95% CIs using multiple logistic regression analysis (Proc Logistic, SAS/STAT; SAS Institute, Cary, N.C., USA). Confounding was tested for by inclusion of age, BMI, physical activity and alcohol consumption in the regression model. The odds ratios are referred to as relative risks (RR), since the incidence of diabetes during the follow-up was low enough to allow such an approximation.
Results
At baseline, subjects who developed type 2 diabetes and LADA were older and more obese than subjects who did not develop diabetes or those who developed type 1 diabetes (Table 1 ). There were no differences between type 2 diabetes and LADA patients with regard to age, BMI, blood pressure or sex distribution (Table 1) .
Heavy (≥20 cigarettes/day) and prolonged (≥13 pack-years) smoking was associated with an increased risk of type 2 diabetes after adjustment for age, sex and BMI (Table 2) . Conversely, compared to subjects who had never smoked, the risk of developing LADA or traditional type 1 diabetes was substantially lower in current smokers. Additional adjustment for physical activity, education and alcohol consumption did not change any of these findings. For example, the relative risk of type 2 diabetes in heavy smokers was 1.53, 95% CI: 1.14-2.05, while current smokers had relative risks of 0.17, 95% CI: 0.04-0.78 for type 1 diabetes and of 0.24, 95% CI: 0.09-0.63 for LADA.
Parameters of smoking at baseline were not significantly (p>0.05) associated with fasting blood glucose and C-peptide at follow-up in subjects with type 2 diabetes or LADA, nor were titres of anti-GAD in LADA (data not shown).
Discussion
This study demonstrates strikingly opposite associations between smoking and type 2 diabetes on the one hand and smoking and autoimmune diabetes (LADA and traditional type 1 diabetes) on the other.
Incident cases of diabetes were identified by questionnaire. Although this method has been shown to be valid for identifying known cases of diabetes [5] , cases of undiagnosed diabetes will be missed. Also noteworthy is the fact that our analysis was restricted to LADA, latent autoimmune diabetes in adults; DBP, diastolic blood pressure; SBP, systolic blood pressure diabetes diagnosed in adulthood, i.e. at 20 years of age or older (younger subjects were not included in the cohort). With regard, moreover, to the results for autoimmune diabetes, the greater number of LADA patients makes the findings stronger in this category than they would be in the category of traditional type 1 diabetes. The question arises whether the associations found here between smoking and risk of diabetes could be secondary to other factors. Such a possibility is unlikely, since our results persisted after adjustment for age, BMI, physical activity, alcohol consumption and education. Still, we cannot completely rule out the possibility that residual confounding or lack of adjustment for factors such as diet or socio-economic situation could to some extent have contributed to our results.
Patients defined as having LADA are in most reports younger and less obese than those with type 2 diabetes (reviewed in [6] ). We did not find such differences in the present study. The specificity of our anti-GAD assay seems to ensure that the patients classified as having LADA did indeed have autoimmune diabetes. Possible discrepancies between studies could be due to population differences, the presence or absence of other islet autoantibodies (not determined here) and anti-GAD epitope differences [6] . It should also be noted that we studied incident cases, whereas clinical characteristics of LADA have usually been reported from prevalence data.
An increased risk of type 2 diabetes in smokers has been attributed to increased insulin resistance [1] , but an inhibitory effect of nicotine on insulin secretion has not been ruled out [7] . Additional associations between snuffing and type 2 diabetes [7] suggest that the diabetogenic effect of smoking in type 2 diabetes is linked to nicotine.
The association between smoking and autoimmune diabetes could be due to an inhibitory effect of nicotine on the immune system. Such an effect was recently demonstrated in the non-obese diabetic mouse, which is a model of autoimmune diabetes [8] . In humans, it has been shown that nicotinic receptors on leucocytes are increased in smokers [9] , indicating that nicotine affects the immune system. The precise mechanisms behind the associations with smoking remain to be clarified.
What is the clinical significance of our findings? For many reasons they do not justify smoking to prevent autoimmune diabetes in adults. However, they constitute new knowledge that could be important for the prevention, by other means, of autoimmune-mediated destruction of beta cells. 
